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(57) An expander (M) employing steam as a working 
medium is formed from a first radially inner group of axial 
piston cylinders (49) arranged annularly on a rotor (27) 
so as to surround the axis (L) of an output shaft (28), 
and a second radially outer group of axial piston cylin- 
ders (57) arranged annularly so as to surround the first 
group of axial piston cylinders (49). The first and second 
groups of axial piston cylinders (49, 57) are driven by a 



common swash plate (39), and the first and second 
groups of axial piston cylinders (49, 57) are arranged 
with circumferentially displaced pitches. High-tempera- 
ture, high-pressure steam firstly operates the first group 
of axial piston cylinders (49), then operates the second 
group of axial piston cylinders (57), and the outputs from 
the two are combined to drive the output shaft (28). This 
achieves a further reduction in the size and a further in- 
crease in the output of the axial type expander (M). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an expander 
that includes a casing, an output shaft for outputting a 
driving force, a rotor integral with the output shaft and 
rotatably supported in the casing, a plurality of groups 
of axial piston cylinders arranged annularly in the rotor 
along the radial direction so as to surround an axis of 
the output shaft, and a common swash plate fixed to the 
casing and guiding pistons of the plurality of groups of 
axial piston cylinders in the direction of the axis. 

BACKGROUND ART 

[0002] Japanese Patent No. 2874300 and Japanese 
Utility Model Registration Application Laid-open No. 
48-54702 disclose a piston pump or a piston motor that 
includes two groups of axial piston cylinders arranged 
on radially inner and outer sides. Either of these em- 
ploys an incompressible fluid such as oil as the working 
medium, the groups of axial piston cylinders on the ra- 
dially inner and outer sides are arranged with their phas- 
es displaced circumferentially, and in the former case 
the piston diameter of the group of axial piston cylinders 
on the radially inner side is smaller than the piston di- 
ameter of the group of axial piston cylinders on the ra- 
dially outer side. 

[0003] Furthermore, Japanese Patent Application 
Laid-open No. 2000-320453 discloses an expander in 
which a group of axial piston cylinders and a group of 
vanes are arranged respectively on the radially inner 
side and the radially outer side of a rotor, and supplying 
high-temperature s high-pressure steam to the group of 
vanes via the group of axial piston cylinders converts 
pressure energy into mechanical energy. 
[0004] Expanders employing high-temperature, high- 
pressure steam as the working medium can be divided 
into a vane type in which a rotor slidably supporting a 
vane is disposed within a cam ring, a radial type in which 
a plurality of cylinders and pistons are arranged radially 
relative to an axis, and an axial type in which a plurality 
of cylinders and pistons are arranged parallel to an axis. 
[0005] Although the vane type expander has the ad- 
vantage that a high steam expansion ratio can be ob- 
tained, a long sealing length between the tip of the vane 
and the inner periphery of the cam ring is required rela- 
tive to the volume, and since sealing is difficult, there is 
a large amount of steam leakage, which is a problem. 
[0006] In the radial type expander, since the cylinders 
and the pistons are arranged radially relative to the axis, 
not only does a fan-shaped dead space formed between 
adjacent cylinders cause an increase in the dimensions, 
but also, if a sliding surface of a rotary valve for distrib- 
uting the steam among the cylinders is cylindrical and a 
sliding clearance is provided, there is the problem of an 
increase in the amount of steam leakage compared with 



a rotary valve having a flat sliding surface. 
[0007] In contrast, since the axial type expander has 
its cylinders and pistons arranged in the axial direction, 
dead space between the cylinders can be made small 

5 and the layout on a radial cross section can be made 
compact, and the dimensions thereof can be made 
smaller than the radial type expanders where the dead 
space is targe. Furthermore, the amount of steam leak- 
ing between the cylinders and the pistons is smallerthan 

10 the amount of steam leaking between the vane and the 
cam ring and, moreover since it is possible to employ 
a rotary valve having a flat sliding surface and low leak- 
age of steam, a higher output can be achieved com- 
pared with the vane type or radial type expanders. 

15 

DISCLOSURE OF THE INVENTION 

[0008] The present invention has been attained in 
view of the above-mentioned circumstances, and an ob- 
20 ject thereof is to achieve a further decrease in the di- 
mensions and a further increase in the output of the axial 
type expander. 

[0009] In order to achieve this object, in accordance 
with a first aspect of the present invention, there is pro- 

25 posed an expander that includes a casing, an output 
shaft for outputting a driving force, a rotor integral with 
the output shaft and rotatably supported in the casing, 
a plurality of groups of axial piston cylinders arranged 
annularly in the rotor along the radial direction so as to 

30 surround an axis of the output shaft, and a common 
swash plate fixed to the casing and guiding pistons of 
the plurality of groups of axial piston cylinders in the di- 
rection of the axis, wherein the more radially outwardly 
positioned the pistons of the plurality of groups of axial 

35 piston cylinders the larger the diameter, and a high-tem- 
perature, high-pressure working medium is supplied se- 
quentially from the group of axial piston cylinders on the 
radially inner side to the group of axial piston cylinders 
on the radially outer side, the plurality of groups of axial 

40 piston cylinders being connected in line. 

[001 0] In accordance with this arrangement, since the 
plurality of groups of axial piston cylinders are arranged 
along the radial direction relative to the output shaft and 
the pistons of each group of axial piston cylinders are 

45 all guided by the common swash plate so that a plurality 
of stages are made to function continuously, not only 
does the amount of leakage of the working medium de- 
crease compared with the vane type expander, but also 
the space efficiency of the axial type expander, which 

so has inherently high space efficiency compared with the 
vane type and radial type expanders, can be further in- 
creased, thus providing a small sized, high output ex- 
pander. 

[0011] Furthermore, since the more radially outwardly 
55 positioned the pistons of the plurality of groups of axially 
piston cylinders the larger the diameter, and the high- 
temperature, high-pressure working medium is supplied 
sequentially from the group of axial piston cylinders on 
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the radially inner side to the group of axial piston cylin- 
ders on the radially outer side, which are connected in 
line, not only can the dead space be minimized and the 
dimensions of the expander reduced, but also since a 
small-volume, high-pressure working medium acts on 
the group of axial piston cylinders on the radially inner 
side, which have a small diameter, and a large-volume, 
low-pressure working medium acts on the group of axial 
piston cylinders on the radially outer side, which have a 
large diameter, pressure energy of the working medium 
can be converted into mechanical energy without loss. 
Moreover, the area of the sliding parts of the group of 
axial.piston cylinders on the radially inner side, where a 
high-pressure working medium acts and leakage easily 
occurs, can be minimized, thereby further suppressing 
leakage of the working medium. 

[0012] Moreover, since the high-temperature working 
medium prior to expansion acts on the group of axial 
piston cylinders on the radially inner side, and the low- 
temperature working medium subsequent to expansion 
acts on the group of axial piston cylinders on the radially 
outer side, the heat dissipated from the group of axial 
piston cylinders on the radially inner side, on which the 
high-temperature working medium acts, can be recov- 
ered by the group of axial piston cylinders on the radially 
outer side, on which the low-temperature working me- 
dium acts, thereby decreasing any loss of thermal en- 
ergy.^ 

[0013] Furthermore, in accordance with a second as- 
pect of the present invention, in addition to the first as- 
pect, there is proposed an expander wherein the pitches 
at which radially adjacent groups of axial piston cylin- 
ders are arranged are displaced circumferential!/ 
[001 4] In accordance with this arrangement, since the 
pitches at which the radially adjacent groups of axial pis- 
ton cylinders are arranged are displaced circumferen- 
tially, not only can the external dimensions of the ex- 
pander be further reduced by arranging the cylinders on 
the radially inner side in spaces between the cylinders 
on the radially outer side, but also variation in output 
torque of the plurality of groups of axial piston cylinders 
can be reduced. 

[0015] Moreover, in accordance with a third aspect of 
the present invention, in addition to the first or second 
aspect, there is proposed an expander wherein a work- 
ing medium supply/discharge part formed from an in- 
take/exhaust valve for supplying and discharging the 
working medium to and from the plurality of groups of 
axial piston cylinders, a power conversion part formed 
from the rotor, and an output part formed from the output 
shaft and the swash plate are arranged sequentially 
from one end of the axis to the other end thereof. 
[0016] In accordance with this arrangement, since the 
working medium supply/discharge part and the output 
part are disposed in separated positions on either side 
of the power conversion part, oil lubricating a sliding sec- 
tion of the output part can be prevented from deteriorat- 
ing due to heat from the working medium supply/dis- 



charge part through which high-temperature working 
medium passes, thereby maintaining the lubricating 
performance of the output part. 

[0017] A rotary valve 61 of embodiments corresponds 
5 to the intake/exhaust valve of the present invention. 

BRIEF DESCRIPTION OF DRAWINGS 
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FIG. 1 to FIG. 1 8 illustrate a first embodiment of the 
present invention; FIG. 1 is a vertical sectional view 
of an expander; FIG. 2 is a sectional view along line 
2-2 in FIG. 1 ; FIG. 3 is an enlarged view of part 3 in 
FIG. 1 ; FIG. 4 is an enlarged sectional view of part 
4 in FIG. 1 (sectional view along line 4-4 in FIG. 8); 
FIG. 5 is a view from arrowed line 5-5 in FIG. 4; FIG. 
6 is a view from arrowed line 6-6 in FIG. 4; FIG. 7 
is a sectional view along line 7-7 in FIG. 4; FIG. 8 
is a sectional view along line 8-8 in FIG. 4; FIG. 9 
is a sectional view along line 9-9 in FIG. 4; FIG. 10 
is a view from arrowed line 10-10 in FIG. 1; FIG. 11 
is a view from arrowed line 11-11 in FIG. 1; FIG. 12 
is a sectional view along line 12-12 in FIG. 10; FIG. 
13 is a sectional view along line 13-13 in FIG. 11; 
FIG. 14 is a sectional view along line 14-14 in FIG. 
10; FIG. 15 is a graph showing torque variations of 
an output shaft; FIG. 16 is an explanatory diagram 
showing the operation of an intake system of a high- 
pressure stage; FIG. 1 7 is an explanatory diagram 
showing the operation of a discharge system of the 
high-pressure stage and an intake system of a low- 
pressure stage; and FIG. 18 is an explanatory dia- 
gram showing the operation of a discharge system 
of the low-pressure stage. 

FIG. 1 9 corresponds to FIG. 6 and illustrates a sec- 
ond embodiment of the present invention. 
FIG. 20 corresponds to FIG. 6 and illustrates a third 
embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[001 9] The first embodiment of the present invention 
is explained below by reference to FIG. 1 to FIG. 18. 
45 [0020] As shown in FIG. 1 to FIG. 3, an expander M 
of the present embodiment is used in, for example, a 
Rankine cycle system, and the thermal energy and the 
pressure energy of high-temperature, high-pressure 
steam as a working medium are converted into mechan- 
ic ical energy and output. A casing 11 of the expander M 
is formed from a casing main body 12, a front cover 15 
fitted via a seal 13 in a front opening of the casing main 
body 1 2 and joined thereto via a plurality of bolts 1 4, and 
a rear cover 18 fitted via a seal 16 in a rear opening of 
55 the casing main body 1 2 and joined thereto via a plurality 
of bolts 1 7. An oil pan 1 9 abuts against a lower opening 
of the casing main body 12 via a seal 20 and is joined 
thereto via a plurality of bolts 21 . Furthermore, a breath- 
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er chamber dividing wall 23 is superimposed on an up- 
per surface of the casing main body 12 via a seal 22 
(see FIG. 12), a breather chamber cover 25 is further 
superimposed on an upper surface of the breather 
chamber dividing wall 23 via a seal 24 (see FIG. 12), 
and they are together secured to the casing main body 
12 by means of a plurality of bolts 26. 
[0021] A rotor 27 and an output shaft 28 that can ro- 
tate around an axis L extending in the fore-and-aft di- 
rection in the center of the casing 1 1 are united by weld- 
ing. A rear part of the rotor 27 is rotatably supported in 
the casing main body 12 via an angular ball bearing 29 
and a seal 30, and a front part of the output shaft 28 is 
rotatably supported in the front cover 15 via an angular 
ball bearing 31 and a seal 32. A swash plate holder 36 
is fitted via two seals 33 and 34 and a knock pin 35 in a 
rear face of the front cover 15 and fixed thereto via a 
plurality of bolts 37, and a swash plate 39 is rotatably 
supported in the swash plate holder 36 via an angular 
ball bearing 38. The rotational axis of the swash plate 
39 is inclined relative to the axis L of the rotor 27 and 
the output shaft 28, and the angle of inclination is fixed. 
[0022] Seven sleeves 41 formed from members that 
are separate from the rotor 27 are arranged within the 
rotor 27 so as to surround the axis L at equal intervals 
in the circumferential direction. High-pressure pistons 
43 are slidably fitted in high-pressure cylinders 42 
formed at inner peripheries of the sleeves 41 , which are 
supported by sleeve support bores 27a of the rotor 27. 
Hemispherical parts of the high-pressure pistons 43 pro- 
jecting forward from forward end openings of the high- 
pressure cylinders 42 abut against and press against 
seven dimples 39a recessed in a rear surface of the 
swash plate 39. Heat resistant metal seals 44 are fitted 
between the rear ends of the sleeves 41 and the sleeve 
support bores 27a of the rotor 27, and a single set plate 
45 retaining the front ends of the sleeves 41 in this state 
is fixed to a front surface of the rotor 27 by means of a 
plurality of bolts 46. The sleeve support bores 27a have 
a slightly larger diameter in the vicinity of their bases, 
thus forming a gap a (see FIG. 3) between themselves 
and the outer peripheries of the sleeves 41 . 
[0023] The high-pressure pistons 43 include pressure 
rings 47 and oil rings 48 for sealing the sliding surfaces 
with the high-pressure cylinders 42, and the sliding 
range of the pressure rings 47 and the sliding range of 
the oil rings 48 are set so as not to overlap each other. 
When the high-pressure pistons 43 are inserted into the 
high-pressure cylinders 42, in order to make the pres- 
sure rings 47 and the oil rings 48 engage smoothly with 
the high-pressure cylinders 42, tapered openings 45a 
widening toward the front are formed in the set plate 45. 
[0024] As hereinbefore described, since the sliding 
range of the pressure rings 47 and the sliding range of 
the oil rings 48 are set so as not to overlap each other, 
oil attached to the inner walls of the high-pressure cyl- 
inders 42 against which the oil rings 48 slide will not be 
taken into high-pressure operating chambers 82 due to 



sliding of the pressure rings 47, thereby reliably prevent- 
ing the oil from contaminating the steam. In particular, 
the high-pressure pistons 43 have a slightly smaller di- 
ameter part between the pressure rings 47 and the oil 
5 rings 48 (see FIG. 3), thereby effectively preventing the 
oil attached to the sliding surfaces of the oil rings 48 from 
moving to the sliding surfaces of the pressure rings 47. 
[0025] Since the high-pressure cylinders 42 are 
formed by fitting the seven sleeves 41 in the sleeve sup- 
10 port bores 27a of the rotor 27, a material having excel- 
lent thermal conductivity, heat resistance, abrasion re- 
sistance, strength, etc. can be selected for the sleeves 
41 . This not only improves the performance and the re- 
liability, but also machining becomes easy compared 
15 with a case in which the high-pressure cylinders 42 are 
directly machined in the rotor 27, and the machining pre- 
cision also increases. When any one of the sleeves 41 
is worn or damaged, it is possible to exchange only the 
sleeve 41 with an abnormality, without exchanging the 
20 entire rotor 27, and this is economical. 

[0026] Furthermore, since the gap a is formed be- 
tween the outer periphery of the sleeves 41 and the rotor 
27 by slightly enlarging the diameter of the sleeve sup- 
port bores 27a in the vicinity of the base, even when the 
25 rotor 27 is thermally deformed by the high -temperature, 
high-pressure steam supplied to the high-pressure op- 
erating chambers 82, this is prevented from affecting the 
sleeves 41 , thereby preventing the high-pressure cylin- 
ders 42 from distorting. 
30 [0027] The seven high-pressure cylinders 42 and the 
seven high-pressure pistons 43 fitted therein form a first 
group of axial piston cylinders 49. 
[0028] Seven low-pressure cylinders 50 are arranged 
at circumferentially equal intervals on the outer periph- 
35 eral part of the rotor 27 so as to surround the axis L and 
the radially outer side of the high-pressure cylinders 42. 
These low-pressure cylinders 50 have a larger diameter 
than that of the high-pressure cylinders 42, and the pitch 
at which the low-pressure cylinders 50 are arranged in 
40 the circumferential direction is displaced by half a pitch 
relative to the pitch at which the high-pressure cylinders 
42 are arranged in the circumferential direction. This 
makes it possible for the high-pressure cylinders 42 to 
be arranged in spaces formed between adjacent low- 
45 pressure cylinders 50, thus utilizing the spaces effec- 
tively and contributing to a reduction in the diameter of 
the rotor 27. 

[0029] The seven low-pressure cylinders 50 have 
low-pressure pistons 51 slidably fitted thereinto, and 

so these low-pressure pistons 51 are connected to the 
swash plate 39 via links 52. That is, spherical parts 52a 
at the front end of the links 52 are swingably supported 
in spherical bearings 54 fixed to the swash plate 39 via 
nuts 53, and spherical parts 52b at the rear end of the 

55 links 52 are swingably supported in spherical bearings 
56 fixed to the low-pressure pistons 51 by clips 55. A 
pressure ring 78 and an oil ring 79 are fitted around the 
outer periphery of each of the low-pressure pistons 51 
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in the vicinity of the top surface thereof so as to adjoin 
each other. Since the sliding ranges of the pressure ring 
78 and the oil ring 79 overlap each other, an oil film is 
formed on the sliding surface of the pressure ring 78, 
thus enhancing the sealing characteristics and the lubri- 5 
cation. 

[0030] The seven low-pressure cylinders 50 and the 
seven low-pressure pistons 41 fitted therein form a sec- 
ond group of axial piston cylinders 57. 
[0031] As hereinbefore described, since the front io 
ends of the high-pressure pistons 43 of the first group 
of axial piston cylinders 49 are made in the form of hem- 
ispheres and are made to abut against the dimples 39a 
formed in the swash plate 39, it is unnecessary to con- 
nect the high-pressure pistons 43 to the swash plate 39 is 
mechanically, thus reducing the number of parts and im- 
proving the ease of assembly. On the other hand, the 
low-pressure pistons 51 of the second group of axial pis- 
ton cylinders 57 are connected to the swash plate 39 via 
the links 52 and their front and rear spherical bearings 20 
54 and 56, and even when the temperature and the 
pressure of medium-temperature, medium-pressure 
steam supplied to the second group of axial piston cyl- 
inders 57 become insufficient and the pressure of low- 
pressure operating chambers 84 becomes negative, 25 
there is no possibility of the low-pressure pistons 51 be- 
coming detached from the swash plate 39 and causing 
knocking or damage. 

[0032] Furthermore, when the swash plate 39 is se- 
cured to the front cover 1 5 via the bolts 37, changing the 30 
phase at which the swash plate 39 is secured around 
the^axis L enables the timing of supply and discharge of 
the steam to and from the first group of axial piston cyl- 
inders 49 and the second group of axial piston cylinders 
57 to be shifted, thereby altering the output character- 35 
istics of the expander M. 

[0033] Moreover, since the rotor 27 and the output 
shaft 28, which are united, are supported respectively 
by the angular ball bearing 29 provided on the casing 
main body 12 and the angular ball bearing 31 provided *o 
on the front cover 15, by adjusting the thickness of a 
shim 58 disposed between the casing main body 1 2 and 
the angular ball bearing 29 and the thickness of a shim 
59 disposed between the front cover 1 5 and the angular 
ball bearing 31 , the longitudinal position of the rotor 27 45 
along the axis L can be adjusted. By adjusting the posi- 
tion of the rotor 27 in the axis L direction, the relative 
positional relationship in the axis L direction between 
the high-pressure and low-pressure pistons 43 and 51 
guided by the swash plate 39, and the high-pressure 50 
and low-pressure cylinders 42 and 50 provided in the 
rotor 27 can be changed, thereby adjusting the expan- 
sion ratio of the steam in the high-pressure and low- 
pressure operating chambers 82 and 84. 
[0034] If the swash plate holder 36 supporting the ss 
swash plate 39 were formed integrally with the front cov- 
er 1 5, it would be difficult to secure a space for attaching 
and detaching the angular ball bearing 31 or the shim 



59 to and from the front cover 15, but since the swash 
plate holder 36 is made detachable from the front cover 
15, the above-mentioned problem can be eliminated. 
Moreover, if the swash plate holder 36 were integral with 
the front cover 15, during assembly and disassembly of 
the expander M it would be necessary to carry out cum- 
bersome operations of connecting and disconnecting 
the seven links 52, which are in a confined space within 
the casing 11, to and from the swash plate 39 pre-as- 
sembled to the front cover 1 5 , but since the swash plate 
holder 36 is made detachable from the front cover 1 5, it 
becomes possible to form a sub-assembly by assem- 
bling the swash plate 39 and the swash plate holder 36 
to the rotor 27 in advance, thereby greatly improving the 
ease of assembly. 

[0035] Systems for supply and discharge of steam to 
and from the first group of axial piston cylinders 49 and 
the second group of axial piston cylinders 57 are now 
explained by reference to FIG. 4 to FIG. 9. 
[0036] As shown in FIG. 4, a rotary valve 61 is housed 
in a circular cross-section recess 27b opening on the 
rear end surface of the rotor 27 and a circular cross- 
section recess 1 8a opening on a front surface of the rear 
cover 18. The rotary valve 61, which is disposed along 
the axis L, includes a rotary valve main body 62, a sta- 
tionary valve plate 63, and a movable valve plate 64. 
The movable valve plate 64 is fixed to the rotor 27 via a 
knock pin 66 and a bolt 67 while being fitted to the base 
of the recess 27b of the rotor 27 via a gasket 65. The 
stationary valve plate 63, which abuts against the mov- 
able valve plate 64 via a flat sliding surface 68, is joined 
via a knock pin 69 to the rotary valve main body 62 so 
that there is no relative rotation therebetween. When the 
rotor 27 rotates, the movable valve plate 64 and the sta- 
tionary valve plate 63 therefore rotate relative to each 
other on the sliding surface 68 in a state in which they 
are in intimate contact with each other. The stationary 
valve plate 63 and the movable valve plate 64 are made 
of a material having excellent durability, such as a super 
hard alloy or a ceramic, and the sliding surface 68 can 
be provided with or coated with a member having heat 
resistance, lubrication, corrosion resistance, and abra- 
sion resistance. 

[0037] The rotary valve main body 62 is a stepped cy- 
lindrical member having a large diameter part 62a, a me- 
dium diameter part 62b, and a small diameter part 62c; 
an annular sliding member 70 fitted around the outer pe- 
riphery of the large diameter part 62a is slidably fitted in 
the recess 27b of the rotor 27 via a cylindrical sliding 
surface 71 , and the medium diameter part 62b and the 
small diameter part 62c are fitted in the recess 18a of 
the rear cover 1 8 via seals 72 and 73. The sliding mem- 
ber 70 is made of a material having excellent durability, 
such as a super hard alloy or a ceramic. A knock pin 74 
implanted in the outer periphery of the rotary valve main 
body 62 engages with a long hole 18b formed in the re- 
cess 18a of the rear cover 1 8 in the axis L direction, and 
the rotary valve main body 62 is therefore supported so 
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that it can move in the axis L direction but cannot rotate 
relative to the rear cover 1 8. 

[0038] A plurality of (for example, seven) preload 
springs 75 are supported in the rear cover 1 8 so as to 
surround the axis L, and the rotary valve main body 62, 
which has a step 62d between the medium diameter part 
62b and the small diameter part 62c pressed by these 
preload springs 75, is biased forward so as to make the 
sliding surface 68 of the stationary valve plate 63 and 
the movable valve plate 64 come into intimate contact 
with each other. A pressure chamber 76 is defined be- 
tween the bottom of the recess 1 8a of the rear cover 1 8 
and the rear end surface of the small diameter part 62c 
of the rotary valve main body 62, and a steam supply 
pipe 77 connected so as to run though the rear cover 
18 communicates with the pressure chamber 76. The 
rotary valve main body 62 is therefore biased forward 
by the steam pressure acting on the pressure chamber 
76 in addition to the resilient force of the preload springs 
75. 

[0039] A high-pressure stage steam intake route for 
supplying high -temperature, high-pressure steam to the 
first group of axial piston cylinders 49 is shown in FIG. 
16 by a mesh pattern. As is clear from FIG. 16 together 
with FIG. 5 to FIG. 9, a first steam passage P1 having 
its upstream end communicating with the pressure 
chamber 76, to which the high -temperature, high-pres- 
sure steam is supplied from the steam supply pipe 77, 
runs through the rotary valve main body 62, opens on 
the surface at which the rotary valve main body 62 is 
joined to the stationary valve plate 63, and communi- 
cates with a second steam passage P2 running through 
the stationary valve plate 63. In order to prevent the 
steam from leaking past the surface at which the rotary 
valve main body 62 and the stationary valve plate 63 
are joined, the joining surface is equipped with a seal 
81 (see FIG. 7 and FIG. 16), which seals the outer pe- 
riphery of a connecting part between the first and sec- 
ond steam passages P1 and P2. 
[0040] Seven third steam passages P3 (see FIG. 5) 
and seven fourth steam passages P4 are formed re- 
spectively in the movable valve plate 64 and the rotor 
27 at circumferentially equal intervals, and the down- 
stream ends of the fourth steam passages P4 commu- 
nicate with the seven high-pressure operating cham- 
bers 82 defined between the high-pressure cylinders 42 
and the high-pressure pistons 43 of the first group of 
axial piston cylinders 49. As is clear from FIG. 6, an 
opening of the second steam passage P2 formed in the 
stationary valve plate 63 does not open evenly to the 
front and rear of the top dead center (TDC) of the high- 
pressure pistons 43, but opens displaced slightly for- 
ward in the direction of rotation of the rotor 27, which is 
shown by the arrow R. This enables as long an expan- 
sion period as possible, that is, a sufficient expansion 
ratio, to be maintained, negative work, which would be 
generated if the opening were set evenly to the front and 
rear of the TDC, to be minimized and, moreover, the ex- 



panded steam remaining in the high-pressure operating 
chambers 82 to be reduced, thus providing sufficient 
output (efficiency). 

[0041] A high-pressure stage steam discharge route 
5 and a low-pressure stage steam intake route for dis- 
charging medium-temperature, medium-pressure 
steam from the first group of axial piston cylinders 49 
and supplying it to the second group of axial piston cyl- 
inders 57 are shown in FIG. 17 by a mesh pattern. As 
10 is clear from FIG. 1 7 together with FIG. 5 to FIG. 8, an 
arc-shaped fifth steam passage P5 (see FIG. 6) opens 
on a front surface of the stationary valve plate 63, and 
this fifth steam passage P5 communicates with a circu- 
lar sixth steam passage P6 opening on a rear surface 
15 of the stationary valve plate 63 (see FIG. 7). The fifth 
steam passage P5 opens from a position displaced 
slightly forward in the direction of rotation of the rotor 
27, which is shown by the arrow R, relative to the bottom 
dead center (BDC) of the high-pressure pistons 43 to a 
20 position slightly displaced backward in the rotational di- 
rection relative to the TDC. This enables the third steam 
passages P3 of the movable valve plate 64 to commu- 
nicate with the fifth steam passage P5 of the stationary 
valve plate 63 over an angular range that starts from the 
25 BDC and does not overlap the second steam passage 
P2 (preferably, immediately before overlapping the sec- 
ond steam passage P2), and in this range the steam is 
discharged from the third steam passages P3 to the fifth 
steam passage P5. 
30 [0042] Formed in the rotary valve main body 62 are a 
seventh steam passage P7 extending in the axis L di- 
rection and an eighth steam passage P8 extending in a 
substantially radial direction. The upstream end of the 
seventh steam passage P7 communicates with the 
35 downstream end of the sixth steam passage P6. The 
downstream end of the seventh steam passage P7 com- 
municates with a tenth steam passage P10 running ra- 
dially through the sliding member 70 via a ninth steam 
passage P9 within a coupling member 83 disposed so 
40 as to bridge between the rotary valve main body 62 and 
the sliding member 70. The tenth steam passage P10 
communicates with the seven low-pressure operating 
chambers 84 defined between the low-pressure cylin- 
ders 50 and the low-pressure pistons 44 of the second 
45 group of axial piston cylinders 57 via seven eleventh 
steam passages P11 formed radially in the rotor 27. 
[0043] In order to prevent the steam from leaking past 
the joining surfaces of the rotary valve main body 62 and 
the stationary valve plate 63, the outer periphery of a 
so part where the sixth and seventh steam passages P6 
and P7 are connected is sealed by equipping the joining 
surfaces with a seal 85 (see FIG. 7 and FIG. 17). Two 
seals 86 and 87 are disposed between the inner periph- 
ery of the sliding member 70 and the rotary valve main 
55 body 62, and a seal 88 is disposed between the outer 
periphery of the coupling member 83 and the sliding 
member 70. 

[0044] The interiors of the rotor 27 and the output 
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shaft 28 are hollowed out to define a pressure regulating 
chamber 89, and this pressure regulating chamber 89 
communicates with the eighth steam passage P8 via a 
twelfth steam passage P12 and a thirteenth steam pas- 
sage P13 formed in the rotary valve main body 62, a 
fourteenth steam passage P14 formed in the stationary 
valve plate 63, and a fifteenth steam passage P15 run- 
ning through the interior of the bolt 67. The pressure of 
the medium-temperature, medium-pressure steam dis- 
charged from the seven third steam passages P3 into 
the fifth steam passage P5 pulsates seven times per ro- 
tation of the rotor 27, but since the eighth steam passage 
P8, which is partway along the supply of the medium- 
temperature, medium-pressure steam to the second 
group of axial piston cylinders 57, is connected to the 
pressure regulating chamber 89, the pressure pulsa- 
tions are dampened, steam at a constant pressure is 
supplied to the second group of axial piston cylinders 
57, and the efficiency with which the low-pressure op- 
erating chambers 84 are charged with the steam can be 
enhanced. 

[0045] Since the pressure regulating chamber 89 is 
formed by utilizing dead spaces in the centers of the ro- 
tor 27 and the output shaft 28, the dimensions of the 
expander M are not increased, the hollowing out brings 
about a weight reduction effect and, moreover, since the 
outer periphery of the pressure regulating chamber 89 
is surrounded by the first group of axial piston cylinders 
49, which are operated by the high -temperature, high- 
pressure steam, there is no resultant heat loss in the 
medium-temperature, medium-pressure steam sup- 
plied to the second group of axial piston cylinders 57. 
Furthermore, when the temperature of the center of the 
rotor 27, which is surrounded by the first group of axial 
piston cylinders 49, increases, the rotor 27 can be 
cooled by the medium-temperature, medium-pressure 
steam in the pressure regulating chamber 89, and the 
resulting heated medium-temperature, medium-pres- 
sure steam enables the output of the second group of 
axial piston cylinders 57 to be increased. 
[0046] A steam discharge route for discharging the 
low-temperature, low-pressure steam from the second 
group of axial piston cylinders 57 is shown in FIG. 1 8 by 
a mesh pattern. As is clear from reference to FIG. 18 
together with FIG. 8, and FIG. 9, an arc-shaped six- 
teenth steam passage P16 that can communicate with 
the seven eleventh steam passages P11 formed in the 
rotor 27 is cut out in the sliding surface 71 of the sliding 
member 70. This sixteenth steam passage P1 6 commu- 
nicates with a seventeenth steam passage P17 that is 
cut out in an arc-shape in the outer periphery of the ro- 
tary valve main body 62. The sixteenth steam passage 
P16 opens from a position displaced slightly forward in 
the direction of rotation of the rotor 27, which is shown 
by the arrow R, relative to the 8DC of the low-pressure 
pistons 51 to a position rotationally slightly backward rel- 
ative to the TDC. This allows the eleventh steam pas- 
sages P11 of the rotor 27 to communicate with the six- 



teenth steam passage P16 of the sliding member 70 
over an angular range that starts from the BDC and does 
not overlap the tenth steam passage P10 (preferably, 
immediately before overlapping the tenth steam pas- 
5 sage P10), and in this range the steam is discharged 
from the eleventh steam passages P1 1 to the sixteenth 
steam passage P16. 

[0047] The seventeenth steam passage P17 further 
communicates with a steam discharge chamber 90 
io formed between the rotary valve main body 62 and the 
rear cover 18 via an eighteenth steam passage P18 to 
a twentieth steam passage P20 formed within the rotary 
valve main body 62 and a cutout 1 8d of the rear cover 
18, and this steam discharge chamber 90 communi- 
ty cates with a steam discharge hole 1 8c formed in the rear 
cover 18. 

[0048] As hereinbefore described, since the supply 
and discharge of the steam to and from the first group 
of axial piston cylinders 49 and the supply and discharge 
20 of the steam to and from the second group of axial piston 
cylinders 57 are controlled by the common rotary valve 
61 , in comparison with a case in which separate rotary 
valves are used for each, the dimensions of the expand- 
er M can be reduced. Moreover, since a valve for sup- 
25 plying the high-temperature, high-pressure steam to the 
first group of axial piston cylinders 49 is formed on the 
flat sliding surface 68 on the front end of the stationary 
valve plate 63, which is integral with the rotary valve 
main body 62, it is possible to prevent effectively the 
30 high-temperature, high-pressure steam from leaking. 
This is because the flat sliding surface 68 can be ma- 
chined easily with high precision, and control of clear- 
ance is easier than for a cylindrical sliding surface. 
[0049] In particular, since the plurality of preload 
35 springs 75 apply a preset load to the rotary valve main 
body 62 and bias it forward in the axis L direction, and 
the high-temperature, high-pressure steam supplied 
from the steam supply pipe 77 to the pressure chamber 
76 biases the rotary valve main body 62 forward in the 
40 axis L direction, a surface pressure is generated on the 
sliding surface 68 between the stationary valve plate 63 
and the movable valve plate 64 in response to the pres- 
sure of the high-temperature, high-pressure steam, and 
it is thus possible to prevent yet more effectively the 
45 steam from leaking past the sliding surface 68. 

[0050] Although a valve for supplying the medium- 
temperature, medium-pressure steam to the second 
group of axial piston cylinders 57 is formed on the cylin- 
drical sliding surface 71 on the outer periphery of the 
50 rotary valve main body 62, since the pressure of the me- 
dium-temperature, medium-pressure steam passing 
through the valve is lower than the pressure of the high- 
temperature, high-pressure steam, the leakage of the 
steam can be suppressed to a practically acceptable 
55 level by maintaining a predetermined clearance without 
generating a surface pressure on the sliding surface 71 . 
[0051] Furthermore, since the first steam passage P1 
through which the high-temperature, high-pressure 
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steam passes, the seventh steam passage P7 and the 
eighth steam passage P8 through which the medium- 
temperature, medium-pressure steam passes, and the 
seventeenth steam passage P1 7 to the twentieth steam 
passage P20 through which the low-temperature, low- 
pressure steam passes are collectively formed within 
the rotary valve main body 62, not only can the steam 
temperature be prevented from dropping, but also the 
parts (for example, the seal 81) sealing the high-tem- 
perature, high-pressure steam can be cooled by the low- 
temperature, low-pressure steam, thus improving the 
durability. 

[0052] Moreover, since the rotary valve 61 can be at- 
tached to and detached from the casing main body 12 
merely by removing the rear cover 18 from the casing 
main body 12, the ease of maintenance operations such 
as repair, cleaning, and replacement can be greatly im- 
proved. Furthermore, although the temperature of the 
rotary valve 61 through which the high -temperature, 
high-pressure steam passes becomes high, since the 
swash plate 39 and the output shaft 28, where lubrica- 
tion by oil is required, are disposed on the opposite side 
to the rotary valve 61 relative to the rotor 27, the oil is 
prevented from being heated by the heat of the rotary 
valve 61 when it is at high temperature, which would de- 
grade the performance in lubricating the swash plate 39 
and the output shaft 28. Moreover, the oil can exhibit a 
function of cooling the rotary valve 61 , thus preventing 
overheating. 

[0053] The structure of a breather is now explained 
by reference to FIG. 10 to FIG. 14. 
[0054] A lower breather chamber 101 defined be- 
tween an upper wall 1 2a of the casing main body 1 2 and 
the breather chamber dividing wall 23 communicates 
with a lubrication chamber 102 within the casing 11 via 
a through hole 12b formed in the upper wall 12a of the 
casing main body 12. Oil is stored in the oil pan 1 9 pro- 
vided in a bottom part of the lubrication chamber 102, 
and the oil level is slightly higher than the lower end of 
the rotor 27 (see FIG. 1). Provided within the lower 
breather chamber 1 01 so as to project upward are three 
dividing walls 1 2c to 1 2e having their upper ends in con- 
tact with a lower surface of the breather chamber divid- 
ing wall 23. The through hole 12b opens at one end of 
a labyrinth formed by these dividing walls 12c to 12e, 
and four oil return holes 12f running through the upper 
wall 1 2a are formed partway along the route to the other 
end of the labyrinth. The oil return holes 12f are formed 
at the lowest position of the lower breather chamber 1 01 
(see FIG. 14), and the oil condensed within the lower 
breather chamber 1 01 can therefore be reliably returned 
to the lubrication chamber 1 02. 

[0055] An upper breather chamber 1 03 is defined be- 
tween the breather chamber dividing wall 23 and the 
breather chamber cover 25, and this upper breather 
chamber 103 communicates with the lower breather 
chamber 101 via four through holes 23a and 23b run- 
ning through the breather chamber dividing wall 23 and 



projecting in a chimney-shape within the upper breather 
chamber 103. A recess 12g is formed in the upper wall 
12a of the casing main body 12 at a position below a 
condensed water return hole 23c running through the 
5 breather chamber dividing wall 23, and the periphery of 
the recess 12g is sealed by a seal 104. 
[0056] One end of a first breather passage B1 formed 
in the breather chamber dividing wall 23 opens at mid 
height in the upper breather chamber 103. The other 
10 end of the first breather passage B1 communicates with 
the steam discharge chamber 90 via a second breather 
passage B2 formed in the casing main body 12 and a 
third breather passage B3 formed in the rear cover 18. 
Furthermore, the recess 12g, which is formed in the up- 
15 per wall 12a, communicates with the steam discharge 
chamber 90 via a fourth breather passage B4 formed in 
the casing main body 1 2 and the third breather passage 
B3. The outer periphery of a part providing communica- 
tion between the first breather passage B1 and the sec- 
20 ond breather passage B2 is sealed by a seal 105. 

[0057] As shown in FIG. 2, a coupling 106 communi- 
cating with the lower breather chamber 101 and a cou- 
pling 107 communicating with the oil pan 19 are con- 
nected together by a transparent oil level gauge 108, 
25 and the oil level within the lubrication chamber 1 02 can 
be checked from the outside by the oil level of this oil 
level gauge 108. That is, the lubrication chamber 102 
has a sealed structure, it is difficult to insert an oil level 
gauge from the outside from the viewpoint of maintain- 
30 ing sealing characteristics, and the structure will inevi- 
tably become complicated. However, this oil level gauge 
1 08 enables the oil level to be checked easily from the 
outside while maintaining the lubrication chamber 102 
in a sealed state. 
35 [0058] The operation of the expander M of the present 
embodiment having the above-mentioned arrangement 
is now explained. 

[0059] As shown in FIG. 16, high -temperature, high- 
pressure steam generated by heating water in an evap- 

40 orator is supplied to the pressure chamber 76 of the ex- 
pander M via the steam supply pipe 77, and reaches the 
sliding surface 68 with the movable valve plate 64 via 
the first steam passage P1 formed in the rotary valve 
main body 62 of the rotary valve 61 and the second 

45 steam passage P2 formed in the stationary valve plate 
63 integral with the rotary valve main body 62. The sec- 
ond steam passage P2 opening on the sliding surface 
68 communicates momentarily with the third steam pas- 
sages P3 formed in the movable valve plate 64 rotating 

so integrally with the rotor 27, and the high-temperature, 
high-pressure steam is supplied, via the fourth steam 
passage P4 formed in the rotor 27, from the third steam 
passages P3 to, among the seven high-pressure oper- 
ating chambers 82 of the first group of axial piston cyl- 

55 inders 49, the high-pressure operating chamber 82 that 
is present at the top dead center. 
[0060] Even after the communication between the 
second steam passage P2 and the third steam passag- 
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es P3 has been blocked due to rotation of the rotor 27, 
the high-temperature, high-pressure steam expands 
within the high-pressure operating chamber 82 and 
causes the high-pressure piston 43 fitted in the high- 
pressure cylinder 42 of the sleeve 41 to be pushed for- 
ward from top dead center toward bottom dead center, 
and the front end of the high-pressure piston 43 presses 
against the dimple 39a of the swash plate 39. As a result, 
the reaction force that the high-pressure pistons 43 re- 
ceive from the swash plate 39 gives a rotational torque 
to the rotor 27. For each one seventh of a revolution of 
the rotor 27, the high-temperature, high-pressure steam 
is supplied into a fresh high-pressure operating cham- 
ber 82, thus continuously rotating the rotor 27. 
[0061] As shown in FIG. 17, while the high-pressure 
piston 43, having reached bottom dead center accom- 
panying rotation of the rotor 27, retreats toward top dead 
center, the medium-temperature, medium-pressure 
steam pushed out of the high-pressure operating cham- 
ber 82 is supplied to the eleventh steam passage P11 
communicating with the low-pressure operating cham- 
ber 84 that, among the second group of axial piston cyl- 
inders 57, has reached top dead center accompanying 
rotation of the rotor 27, via the fourth steam passage P4 
of the rotor 27, the third steam passage P3 of the mov- 
able valve plate 64, the sliding surface 68, the fifth steam 
passage P5 and the sixth steam passage P6 of the sta- 
tionary vatve plate 63, the seventh steam passage P7 
to the tenth steam passage P1 0 of the rotary valve main 
body 62, and the sliding surface 71 . Since the medium- 
temperature, medium-pressure steam supplied to the 
low-pressure operating chamber 84 expands within the 
low-pressure operating chambers 84 even after the 
communication between the tenth steam passage P10 
and the eleventh steam passage P11 is blocked, the 
low-pressure piston 51 fitted in the low-pressure cylin- 
der 50 is pushed forward from top dead center toward 
bottom dead center, and the link 52 connected to the 
low-pressure piston 51 presses against the swash plate 
39. As a result, the pressure force of the low-pressure 
piston 51 is converted into a rotational force of the swash 
plate 39 via the link 52, and this rotational force transmits 
a rotational torque from the high-pressure piston 43 to 
the rotor 27 via the dimple 39a of the swash plate 39. 
That is, the rotational torque is transmitted to the rotor 
27, which rotates synchronously with the swash plate 
39. In order to prevent the low-pressure piston 51 from 
becoming detached from the swash plate 39 when a 
negative pressure is generated during the expansion 
stroke, the link 52 carries out a function of maintaining 
a connection between the low-pressure piston 51 and 
the swash plate 39, and it is arranged that the rotational 
torque due to the expansion is transmitted from the high- 
pressure piston 43 to the rotor 27 rotating synchronously 
with the swash plate 39 via the dimples 39a of the swash 
plate 39 as described above. For each one seventh of 
a revolution of the rotor 27, the medium-temperature, 
medium-pressure steam is supplied into a fresh low- 



pressure operating chamber 84, thus continuously ro- 
tating the rotor 27. 

[0062] During this process, as described above, the 
pressure of the medium-temperature, medium-pressure 

5 steam discharged from the high-pressure operating 
chambers 82 of the first group of axial piston cylinders 
49 pulsates seven times for each revolution of the rotor 
27, but by damping these pulsations by the pressure 
regulating chamber 89 steam at a constant pressure can 

10 be supplied to the second group of axial piston cylinders 
57, thereby enhancing the efficiency with which the low- 
pressure operating chambers 84 are charged with the 
steam. 

[0063] As shown in FIG. 18, while the low-pressure 
*5 piston 51 , having reached bottom dead center accom- 
panying rotation of the rotor 27, retreats toward top dead 
center, the low-temperature, low-pressure steam 
pushed out of the low-pressure operating chamber 84 
is discharged into the steam discharge chamber 90 via 
20 the eleventh steam passage P11 of the rotor 27, the slid- 
ing surface 71 , the sixteenth steam passage P1 6 of the 
sliding member 70, and the seventeenth steam passage 
P1 7 to the twentieth steam passage P20 of the rotary 
valve main body 62, and supplied therefrom into a con- 
25 denser via the steam discharge hole 1 8c. 

[0064] When the expander M operates as described 
above, since the seven high-pressure pistons 43 of the 
first group of axial piston cylinders 49 and the seven low- 
pressure pistons 51 of the second group of axial piston 
30 cylinders 57 are connected to the common swash plate 
39, the outputs of the first and second groups of axial 
piston cylinders 49 and 57 can be combined to drive the 
output shaft 28, thereby achieving a high output while 
reducing the size of the expander M. During this proc- 
35 ess, since the seven high-pressure pistons 43 of the first 
group of axial piston cylinders 49 and the seven high- 
pressure pistons 51 of the second group of axial piston 
cylinders 57 are displaced by half a pitch in the circum- 
ferential direction, as shown in FIG. 15, pulsations in the 
^o output torque of the first group of axial piston cylinders 
49 and pulsations in the output torque of the second 
group of axial piston cylinders 57 are counterbalanced, 
thus making the output torque of the output shaft 28 flat. 
[0065] Furthermore, although axial type expanders 
4 $ characteristically have a high space efficiency com- 
pared with radial type expanders, by arranging two stag- 
es in the radial direction the space efficiency can be fur- 
ther enhanced. In particular, since the first group of axial 
piston cylinders 49, which are required to have only a 
so small diameter because they are operated by high-pres- 
sure steam having a small volume, are arranged on the 
radially inner side, and the second group of axial piston 
cylinders 57, which are required to have a large diame- 
ter because they are operated by low-pressure steam 
55 having a large volume, are arranged on the radially outer 
side, the space can be utilized effectively, thus making 
the expander M still smaller. Moreover, since the cylin- 
ders 42 and 50 and the pistons 43 and 51 that are used 
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have circular cross sections, which enables machining 
to be carried out with high precision, the amount of 
steam leakage can be reduced in comparison with a 
case in which vanes are used, and a yet higher output 
can thus be anticipated. 

[0066] Furthermore, since the first group of axial pis- 
ton cylinders 49 operated by high -temperature steam 
are arranged on the radially inner side, and the second 
group of axial piston cylinders 57 operated by low-tem- 
perature steam are arranged on the radially outer side, 
the difference in temperature between the second group 
of axial piston cylinders 57 and the outside of the casing 
11 can be minimized, the amount of heat released out- 
side the casing 11 can be minimized, and the efficiency 
of the expander M can be enhanced. Moreover, since 
the heat escaping from the high-temperature first group 
of axial piston cylinders 49 on the radially inner side can 
be recovered by the low-temperature second group of 
axial piston cylinders 57 on the radially outer side, the 
efficiency of the expander M can be further enhanced. 
[0067] Moreover, when viewed from an angle perpen- 
dicular to the axis L, since the rear end of the first group 
of axial piston cylinders 49 is positioned f orward relative 
to the rear end of the second group of axial piston cyl- 
inders 57, the heat escaping rearward in the axis L di- 
rection from the first group of axial piston cylinders 49 
can be recovered by the second group of axial piston 
cylinders 57, and the efficiency of the expander M can 
be yet further enhanced. Furthermore, since the sliding 
surface 68 on the high-pressure side is present deeper 
within the recess 27b of the rotor 27 than the sliding sur- 
face 71 on the low-pressure side, the difference in pres- 
sure between the outside of the casing 1 1 and the sliding 
surface 71 on the low-pressure side can be minimized, 
the amount of leakage of steam from the sliding surface 
71 on the low-pressure side can be reduced and, more- 
over, the pressure of steam leaking from the sliding sur- 
face 68 on the high-pressure side can be recovered by 
the sliding surface 71 on the low-pressure side and uti- 
lized effectively. 

[0068] During operation of the expander M, the oil 
stored in the oil pan 19 is stirred and splashed by the 
rotor 27 rotating within the lubrication chamber 102 of 
the casing 11 , thereby lubricating a sliding section be- 
tween the high-pressure cylinders 42 and the high-pres- 
sure pistons 43, a sliding section between the low-pres- 
sure cylinders 50 and the low-pressure pistons 51 , the 
angular ball bearing 31 supporting the output shaft 28, 
the angular ball bearing 29 supporting the rotor 27, the 
angular ball bearing 38 supporting the swash plate 39, 
a sliding section between the high-pressure pistons 43 
and the swash plate 39, the spherical bearings 54 and 
56 at opposite ends of the links 52, etc. 
[0069] The interior of the lubrication chamber 102 is 
filled with oil mist generated by splashing due to stirring 
of the oil, and oil vapor generated by vaporization due 
to heating by a high-temperature section of the rotor 27, 
and this is mixed with steam leaking into the lubrication 



chamber 102 from the high-pressure operating cham- 
bers 82 and low-pressure operating chambers 84. 
When the pressure of the lubrication chamber 1 02 be- 
comes higher than the pressure of the steam discharge 
5 chamber 90 due to leakage of the steam, the mixture of 
oil content and steam flows through the through hole 
12b formed in the upper wall 12a of the casing main 
body 12 into the lower breather chamber 101 . The inte- 
rior of the lower breather chamber 101 has a labyrinth 
w structure due to the dividing walls 1 2c to 1 2e; the oil that 
condenses while passing therethrough drops through 
the four oil return holes 1 2f formed in the upper wall 12a 
of the casing main body 12, and is returned to the lubri- 
cation chamber 102. 
is [0070] The steam from which the oil content has been 
removed passes through the four through holes 23a and 
23b of the breather chamber dividing wall 23, flows into 
the upper breather chamber 1 03, and condenses by los- 
ing its heat to the outside air via the breather chamber 
20 cover 25, which defines an upper wall of the upper 
breather chamber 1 03. Waterthat has condensed within 
the upper breather chamber 103 passes through the 
condensed water return hole 23c formed in the breather 
chamber dividing wall 23 and drops into the recess 12g 
25 without flowing into the four through holes 23a, 23b pro- 
jecting in a chimney-shape within the upper breather 
chamber 103, and is discharged therefrom into the 
steam discharge chamber 90 via the fourth breather 
passage B4 and the third breather passage B3. Here, 
30 the amount of condensed water returned into the steam 
discharge chamber 90 corresponds to the amount of 
steam that has leaked from the high-pressure operating 
chambers 82 and the low-pressure operating chambers 
84 into the lubrication chamber 102. Furthermore, since 
35 the steam discharge chamber 90 and the upper breather 
chamber 103 always communicate with each other via 
the first steam passage B1 to the third steam passage 
B3, which function as pressure equilibration passages, 
pressure equilibrium between the steam discharge 
40 chamber 90 and the lubrication chamber 102 can be 
maintained. 

[0071] During a transition period prior to completion 
of warming-up, if the pressure of the lubrication chamber 
102 becomes lower than the pressure of the steam dis- 

45 charge chamber 90, the steam in the steam discharge 
chamber 90 might be expected to flow into the lubrica- 
tion chamber 1 02 via the third breather passage B3, the 
second breather passage B2, the first breather passage 
B1. the upper breather chamber 103, and the lower 

50 breather chamber 101 , but after completion of the warm- 
ing-up, because of the leakage of steam into the lubri- 
cation chamber 102, the pressure of the lubrication 
chamber 102 becomes higher than the pressure of the 
steam discharge chamber 90, and the above-mentioned 

55 oil and steam separation is started. 

[0072] In a Rankine cycle system in which steam (or 
water), which is the working medium, circulates in a 
closed circuit formed from an evaporator, an expander, 
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a condenser, and a circulation pump, it is necessary to 
avoid as much as possible the oil from being mixed with 
the working medium and contaminating the system; the 
mixing of the oil with the steam (or water) can be mini- 
mized by the lower breather chamber 101 separating s 
the oil and the upper breather chamber 103 separating 
the condensed water, thus reducing the load imposed 
on a filter separating the oil s achieving a reduced size 
and a reduction in cost, and thereby preventing contam- 
ination and degradation of the oil. io 
[0073] The second embodiment of the present inven- 
tion is now explained by reference to FIG. 19. 
[0074] FIG. 1 9 shows a sliding surface 68 of a station- 
ary valve plate 63 and corresponds to FIG. 6, which 
shows the first embodiment. The resilient force of preset is 
springs 75 and the pressure of high-temperature, high- 
pressure steam acting on a pressure chamber 76 give 
a sealing surface pressure to the sliding surface 68, but 
it is difficult to secure a uniform sealing surface pressure 
over the entire area of the sliding surface 68. This is be- 20 
cause the high-temperature, high-pressure steam is 
supplied to a second steam passage P2 and third steam 
passages P3 passing through the sliding surface 68, 
and this high-temperature, high-pressure steam acts to 
detach the stationary valve plate 63 from a movable 25 
valve plate 64 and thereby reduce the sealing surface 
pressure. On the other hand, medium-temperature, me- 
dium-pressure steam is supplied to a fifth steam pas- 
sage P5 and the third steam passages P3 running 
through the sliding surface 68, and since the pressure 30 
thereof is lower than the pressure of the high-tempera- 
ture, high-pressure steam, its action of detaching the 
sliding surface 68 and thereby reducing the sealing sur- 
face pressure is also small. As a result, the steam pres- 
sures of the second steam passage P2, the third steam 35 
passages P, and the fifth steam passage PS apply an 
imbalanced load to the sliding surface 68, thus causing 
the sealing performance of the sliding surface 68 to de- 
teriorate. 

[0075] In the present second embodiment, an annular *o 
first pressure channel G1 is machined in the sliding sur- 
face 68 of the stationary valve plate 63 so as to surround 
the outer periphery of a fourteenth steam passage P14 
passing along the axis L, the first pressure channel G1 
being made to communicate with the fifth steam pas- 45 
sage P5 through which the medium-temperature, medi- 
um-pressure steam passes, and an arc-shaped second 
pressure channel G2 is machined so as to surround the 
outer periphery of the first pressure channel G1 , the sec- 
ond pressure channel G2 being made to communicate so 
with the second steam passage P2 through which the 
high-temperature, high-pressure steam passes. The ac- 
tions of the first and second pressure channels G1 and 
G2 ease the uneven sealing surface pressure on the 
sliding surface 68, and deterioration of the sealing char- ss 
acteristics and generation of friction due to uneven con- 
tact with the sliding surface 68 can be prevented. Fur- 
thermore, when the steam leaking from the high-pres- 



sure second pressure channel G2 flows into the low- 
pressure first pressure channel G1 , an abrasive powder 
is discharged into the first pressure channel G1 , and an 
effect of preventing it from flowing into the high-pressure 
operating chambers 82 is thus exhibited. Moreover, the 
steam is uniformly distributed on the sliding surface 68, 
where lubrication by oil cannot be expected, thereby im- 
proving the lubrication performance. 
[0076] The third embodiment of the present invention 
is now explained by reference to FIG. 20. 
[0077] The third embodiment is a modification of the 
second embodiment; a second pressure channel G2 
communicating with a second steam passage P2 
through which high -temperature, high-pressure steam 
passes is omitted, and only a first pressure channel G1 
communicating with a fifth steam passage P15 through 
which medium-temperature, medium-pressure steam 
passes is provided. In accordance with the present third 
embodiment, not only does the structure become simple 
compared with the second embodiment, but also the ef- 
fect of recovering abrasive powder can be enhanced 
and, moreover, the amount of leakage of steam can be 
reduced in comparison with the second embodiment. 
[0078] Although embodiments of the present inven- 
tion are explained above, the present invention can be 
modified in a variety of ways without departing from the 
spirit and scope thereof. 

[0079] For example, in the embodiments the first 
group of axial piston cylinders 49 and the second group 
of axial piston cylinders 57 are provided, but three or 
more sets of groups of axial piston cylinders may be pro- 
vided. 

INDUSTRIAL APPLICABILITY 

[0080] As hereinbefore described, the expander relat- 
ed to the present invention can be applied desirably to 
a Rankine cycle system, but it can be applied to any pur- 
pose and is not limited to the Rankine cycle system. 



Claims 

1 . An expander comprising: 
a casing (11); 

an output shaft (28) for outputting a driving 
force; 

a rotor (27) integral with the output shaft (28) 
and rotatably supported in the casing (11); 
a plurality of groups of axial piston cylinders 
(49, 57) arranged annularly in the rotor (27) 
along the radial direction so as to surround an 
axis (L) of the output shaft (28); and 
a common swash plate (39) fixed to the casing 
(11) and guiding pistons (43, 51 ) of the plurality 
of groups of axial piston cylinders (49, 57) in 
the direction of the axis (L); 
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wherein the more radially outwardly posi- 
tioned the pistons (43, 51) of the plurality of groups 
of axial piston cylinders (49, 57) the larger the di- 
ameter; and 

5 

a high-temperature, high-pressure working me- 
dium is supplied sequentially from the group of 
axial piston cylinders (49) on the radially inner 
side to the group of axial piston cylinders (57) 
on the radially outer side, the plurality of groups 10 
of axial piston cylinders (49, 57) being connect- 
ed in line. 



The expander according to Claim 1 wherein the 
pitches at which radially adjacent groups of axial 
piston cylinders (49, 57) are arranged are displaced 
circumferentially. 

The expander according to Claim 1 or Claim 2 
wherein a working medium supply/discharge part 
formed from an intake/exhaust valve (61) for sup- 
plying and discharging the working medium to and 
from the plurality of groups of axial piston cylinders 
(49, 57), a power conversion part formed from the 
rotor (27), and an output part formed from the output 
shaft (28) and the swash plate (39) are arranged 
sequentially from one end of the axis (L) to the other 
end thereof. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



12 



EP1 367 218 A1 




13 

JNSDOCID: <EP 1367218A1_I_> 



EP 1 367 218 A1 




14 



EP1 367 218 A1 

FIG.3 




3NSDOCIO:<EP 1367218A1 I > 



15 



EP1 367 218 A1 




16 



EP1 367 218 A1 



FIG.5 




3NSDOCID: <EP 1367218A1_I_> 



17 



EP1 367 218 A1 



FIG.6 
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FIG .10 
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